We sought to examine the incidence and clinical predictors of new-onset type 2 diabetes mellitus (T2DM) within 3 large randomized trials with atorvastatin.
Background
Statin therapy might modestly increase the risk of new-onset T2DM.
Methods
We used a standard definition of diabetes and excluded patients with prevalent diabetes at baseline. We identified baseline predictors of new-onset T2DM and compared the event rates in patients with and without newonset T2DM.
Results
In the TNT (Treating to New Targets) trial, 351 of 3,798 patients randomized to 80 mg of atorvastatin and 308 of 3,797 randomized to 10 mg developed new-onset T2DM (9.24% vs. 8.11%, adjusted hazard ratio [HR]: 1.10, 95% confidence interval [CI] : 0.94 to 1.29, p ϭ 0.226). In the IDEAL (Incremental Decrease in End Points Through Aggressive Lipid Lowering) trial, 239 of 3,737 patients randomized to atorvastatin 80 mg/day and 208 of 3,724 patients randomized to simvastatin 20 mg/day developed new-onset T2DM (6.40% vs. 5.59%, adjusted HR: 1.19, 95% CI: 0.98 to 1.43, p ϭ 0.072). In the SPARCL (Stroke Prevention by Aggressive Reduction in Cholesterol Levels) trial, new-onset T2DM developed in 166 of 1,905 patients randomized to atorvastatin 80 mg/day and in 115 of 1,898 patients in the placebo group (8.71% vs. 6.06%, adjusted HR: 1.37, 95% CI: 1.08 to 1.75, p ϭ 0.011). In each of the 3 trials, baseline fasting blood glucose, body mass index, hypertension, and fasting triglycerides were independent predictors of new-onset T2DM. Across the 3 trials, major cardiovascular events occurred in 11.3% of patients with and 10.8% of patients without new-onset T2DM (adjusted HR: 1.02, 95% CI: 0.77 to 1.35, p ϭ 0.69).
Conclusions
High-dose atorvastatin treatment compared with placebo in the SPARCL trial is associated with a slightly increased risk of new-onset T2DM. Baseline fasting glucose level and features of the metabolic syndrome are predictive of new-onset T2DM across the 3 trials. An increased risk of new-onset type 2 diabetes mellitus (T2DM) has been described with a wide variety of drugs, including thiazide diuretics (1, 2) , beta-blockers (1-3), glucocorticoids (4), niacin (5) , and protease inhibitors (6) . In a recently published meta-analysis (7) of 13 statin trials with 91,140 participants, statin therapy was associated with a slightly higher incidence of new-onset T2DM (hazard ratio [HR]: 1.09, 95% confidence interval [CI]: 1.02 to 1.17).
Little heterogeneity was found between trials, and meta-regression showed that the risk of developing diabetes with statins was highest in trials with older participants but that neither baseline body mass index (BMI) nor change in lowdensity lipoprotein (LDL) cholesterol concentrations accounted for residual variation in risk. However, other clinical predictors were not examined, and only 1 of the 13 trials in this analysis involved atorvastatin, compared with 6 with pravastatin and 3 with rosuvastatin.
The purpose of this report is to describe the incidence of new-onset T2DM in 3 additional large randomized trials: the TNT (Treating to New Targets) trial (8) , in which 80 mg and 10 mg/day of atorvastatin were compared in patients with stable coronary disease; the IDEAL (Incremental Decrease in End Points Through Aggressive Lipid Lowering) trial (9) , in which atorvastatin 80 mg was compared with simvastatin 20 mg/day in post-myocardial infarction (MI) patients; and the SPARCL (Stroke Prevention by Aggressive Reduction in Cholesterol Levels) trial (10) , in which 80 mg/day of atorvastatin was compared with placebo in patients with a recent stroke or transient ischemic attack. Within each trial, we examined baseline clinical predictors of incident diabetes. In addition, we compared the subsequent event rate after the development of new-onset T2DM with the event rate for patients who did not develop this complication.
Methods
The study design and main findings of the 3 trials have been published (8 -10) . Eligibility criteria for the TNT trial included an age range of 35 to 75 years, documented coronary disease, and an LDL cholesterol off therapy between 3.4 and 6.5 mmol/l (130 to 250 mg/dl), decreasing to Ͻ3.4 mmol/l (130 mg/dl) after an 8-week run-in period on atorvastatin 10 mg/day. Patients were randomized to 10 mg or 80 mg/day of atorvastatin and followed for a median of 4.9 years. Patients were eligible for the IDEAL trial if they were 80 years of age or less, had experienced a definite MI, and qualified for statin therapy according to their national guidelines at the time of recruitment. The IDEAL patients were randomized to atorvastatin 80 mg or simvastatin 20 mg/day and were followed for a median of 4.8 years. Eligibility criteria for the SPARCL trial included a stroke or transient ischemic attack 1 to 6 months before study entry, no known coronary disease, and an LDL cholesterol of 2.6 to 4.9 mmol/l (100 to 190 mg/dl). Patients were randomized to placebo or atorvastatin 80 mg/day and followed for a median of 4.9 years.
Individual patient level data were available from each of the 3 trials and included baseline age; sex; baseline smoking status; history of hypertension and diabetes; history of coronary events and coronary interventions; medications; measurements of heart rate, blood pressure, and BMI; and baseline laboratory values including fasting plasma glucose, white blood cell count, and lipid levels.
New-onset T2DM was defined prospectively with the criteria of the West of Scotland investigators; specifically, Ն2 post-baseline fasting glucose measurements Ն7.0 mmol/l (126 mg/dl) and at least 1 post-baseline glucose Ͼ2 mmol/l (36 mg/dl) above baseline (11) . We also included patients for whom new-onset T2DM was identified through adverse event reporting. Patients were excluded if they were known to have diabetes at baseline, if baseline fasting glucose was Ն7.0 mmol/l, if Ͻ2 post-baseline measurements were available, or if the baseline fasting glucose measurement was missing.
In the TNT trial, 1,771 patients were eliminated from analysis because of known diabetes or a fasting blood glucose Ն7.0 mmol/l at baseline; an additional 635 were excluded because they had missing baseline measurements (n ϭ 3) or Ͻ2 post-randomization measurements (n ϭ 632). Thus, of the original TNT cohort, 7,595 (75.9%) of 10,001 were included in this analysis. In the IDEAL trial, 1,427 patients were excluded for known diabetes or a fasting blood glucose Ն7.0 mmol/l at baseline, leaving 7,461 (83.9%) of the original 8,888 patients available for this analysis. In the SPARCL trial, 928 patients were excluded for known diabetes or a fasting blood glucose Ն7.0 mmol/l at baseline, leaving 3,803 (80.4%) of the 4,731 randomized patients available for this analysis. Statistical analyses. Similar statistical analyses were performed for each trial. Comparisons between patient groups were based on a 2-sample t test for continuous variables and Fisher exact test for categorical variables. Variables that were not normally distributed, such as white blood cell count and triglycerides, were log transformed. The HRs and 95% CIs for the development of new-onset T2DM were calculated on the basis of Cox proportional hazard analysis. Multivariate analyses included a full model with the 17 variables listed in Tables 1, 2 , 3, 4, 5, and 6, a reduced model with backward elimination of nonsignificant variables at a p Ͼ 0.05 except for treatment group, and exploratory models with use of beta-blockers and treatment group, with and without other variables. For each trial, the risk of new-onset T2DM was calculated for quintiles of baseline fasting glucose level. A risk score for the development of new-onset T2DM was calculated by allocating a point to each of the following 4 risk factors: baseline fasting glucose Ͼ5.6 mmol/l (100 mg/dl), fasting triglycerides Ͼ1.7 mmol/l (150 mg/dl), BMI Ͼ30 kg/m 2 , and a history of hypertension. Major cardiovascular events in patients with and without new-onset T2DM were assessed with an extensive timedependent Cox proportional hazard analysis including new- without new-onset T2DM are compared in Table 1 for the TNT trial, Table 2 for the IDEAL trial, and Table 3 for the SPARCL trial. A larger proportion of the patients were women in the SPARCL trial compared with the other 2 trials-41% compared with Ͻ20%. Hypertension at baseline was reported less commonly in the IDEAL trial, in 30% of the patients compared with 50% in the TNT trial, and 58% in the SPARCL trial, although blood pressure at baseline was as high in the IDEAL trial as in the SPARCL trial, with measurements in the TNT trial being lower. Baseline lipid levels among the 3 trials are not directly comparable, because of differences in prior statin usage; for example, at baseline all the TNT patients had been taking atorvastatin 10 mg/day during an 8-week run-in period. Only 2 patients included in this analysis from the 3 trials were taking diabetes medication at baseline.
Baseline Characteristics by New-Onset T2DM Status During Follow-Up in the SPARCL Trial 
Predictors of new-onset T2DM.
In each of the 3 trials, patients who developed new-onset T2DM were more likely to have hypertension at baseline; to be taking beta-blockers; and to have higher fasting glucose, BMI, white blood cell count, systolic and diastolic blood pressure, total cholesterol/high-density lipoprotein (HDL) cholesterol ratio, triglycerides, and lower HDL cholesterol, as shown in Tables 1 to 3 . New-onset T2DM patients were younger in the IDEAL trial (p ϭ 0.012), but no age differences were observed in the TNT or SPARCL trials. Sex and current smoking were not associated with new-onset T2DM. Predictors of new-onset T2DM are listed in Table 4 for the TNT trial, Table 5 for the IDEAL trial, and Table 6 Tables 1, 3 , and 4. The absolute rates of new-onset T2DM were 9.24% and 8.11% in the TNT trial in the 80 and 10 mg groups, respectively; 6.40% and 5.59% in the IDEAL trial in the atorvastatin and simvastatin groups, respectively; and 8.71% and 6.06% in the SPARCL trial in the atorvastatin 80 mg and placebo groups, respectively. Effect of baseline fasting glucose on new-onset T2DM. The strongest predictor of new-onset T2DM in all 3 trials was fasting glucose at baseline. As shown in Table 7 , higher quintiles of baseline fasting glucose in each trial were associated with higher HRs for developing new-onset T2DM. The glucose ranges in the quintile where the risk first became statistically significant were remarkably consistent across the trials: 5.3 to 5.6 mmol/l (95 to 100 mg/dl) in the TNT trial, 5.3 to 5.6 mmol/l (95 to 100 mg/dl) in the IDEAL trial, and 5.4 to 5.8 mmol/l (98 to 105 mg/dl) in the SPARCL trial. High-risk subgroups for the development of new-onset T2DM. As shown in Figure 1 , the presence of a baseline fasting glucose Ͼ5.6 mmol/l (100 mg/dl), fasting triglycerides Ͼ1.7 mmol/l (150 mg/dl), BMI Ͼ30 kg/m 2 , and a history of hypertension were each associated with a much higher risk of new-onset T2DM in each of the 3 trials. The HRs were remarkably consistent across the trials, ranging from 3.49 to 5.78 for fasting glucose, 1.88 to 2.37 for fasting triglycerides, 2.36 to 2.73 for BMI, and 1.60 to 1.91 for hypertension (p Ͻ 0.0001 for all).
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Patients were assigned 1 point for each of these 4 risk factors. As shown in Table 8 , in each of the 3 trials the risk of developing new-onset T2DM increased with an increasing number of risk factors: in the TNT trial, from 1.46% with 0 factors to 30.0% with all 4 factors; in the IDEAL trial, from 1.55% to 24.8%; and in the SPARCL trial, from 2.06% to 34.3%.
As depicted in Figure 2 , in each trial not only were patients with none or 1 of the risk factors at low risk for new-onset T2DM but the risk was not increased in the more aggressive statin treatment group. However, in the small number of patients with 3 or all 4 of the risk factors, the incidence was not only high but was increased by more aggressive statin therapy. 
Discussion
The main findings of this study are 2-fold. First, the 80-mg dose of atorvastatin was associated with an increased risk of new-onset T2DM compared with placebo in the SPARCL trial. The absolute difference between the treatment groups was 2.65% (8.71% vs. 6.06%), and the adjusted HR was 1.34 (95% CI: 1.05 to 1.71). This is slightly higher but still overlaps with the HR of 1.09 (95% CI: 1.02 to 1.17) reported in the meta-analysis of 13 placebo-controlled statin trials (7) . In the TNT and IDEAL trials, where the comparator treatment was a lower dose statin, the trends toward an increase in new-onset T2DM in the 80-mg atorvastatin group were not statistically significant.
The second main finding in our study is that the development of new-onset T2DM can be predicted by baseline fasting glucose level and components of the metabolic syndrome-specifically higher triglycerides, higher BMI, and hypertension. These predictors were consistent across all 3 trials, and combining them into a score allowed stratification of the risk of new-onset T2DM. Patients with a score of 0 had a risk of 2% or less in each trial, and those with 1 risk factor had a risk of 4% to 5% (Table 7 ). Only with 3 or 4 of the risk factors did the risk of new-onset T2DM exceed 10%. With 3 or 4 risk factors, risk also increased in the atorvastatin 80 mg group versus the comparator treatment group (Fig. 2) .
Low HDL cholesterol levels were predictive of new-onset T2DM by univariate but not multivariate analysis. White blood cell count, a rough marker of inflammation, was a univariate predictor in all 3 trials but a multivariate predictor only in the TNT trial. Age, sex, and smoking were not consistently predictive of new-onset T2DM. Previous studies. The baseline variables that predicted new-onset T2DM in these trials were also predictive of spontaneous (12, 13) or drug-related (1, 3, 5, 14) new-onset T2DM in previous studies. Fasting glucose, blood pressure, BMI, and triglycerides have been associated with spontaneous new-onset T2DM in patients with hypertension and in those with newly acquired impaired fasting glucose (12, 13) . In hypertension trials, fasting glucose and BMI have been the strongest predictors of new-onset T2DM (1, 3, 14) . The metabolic syndrome has been shown to be a strong predictor of new-onset T2DM both in clinical trials and in the general population (15) (16) (17) . These associations are not surprising, because hyperinsulinemia is both a precursor of diabetes and an important underlying cause of the metabolic syndrome.
Risk of New-Onset T2DM According to Number of Risk Factors at Baseline Table 8 
